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Abstract 
Groundwater of geothermal systems of low temperature located in the Mexican Highlands is used as urban water 
supply due to water scarcity in the area. Juventino Rosas, Irapuato, Cuitzeo and Jocotitlan in Guanajuato and Mexico 
States, are some of the areas supplied with geothermal water. These aquifer systems are formed mainly by volcanic 
rocks of the Sierra Madre Occidental and the Trans Mexican Volcanic Belt. The groundwater of these systems 
contains some risk elements like arsenic and fluorine. Radon has been also detected in all the studied zones. Tectonic 
and subsidence faults and fractures allow a fast migration of Radon to surface. In Juventino Rosas the radon content 
range is 12,000 – 40,000 Bq/m3. Health affectations related to radon exposure has not been reported. Geothermal 
water is also used for irrigation and cattle breeding. Arsenic can be absorbed by some crops. Some cheese producers 
reported low arsenic concentration in their products. The highest well temperature is 50 oC. Most of hot waters have 
temperatures between 27 and 33 oC. The groundwater temperature calculated with geothermometers in Juventino 
Rosas is higher than 100 oC. The water temperature can be used in some home-biased industrial processes. These 
systems cannot be used for big energy generation systems, but can increase the efficiency of solar energy systems. 
Water for human consumption is distributed directly from wells. The maximum arsenic concentrations were found in 
Cuitzeo and Irapuato, 3.8 mg/L and 0.30 mg/L respectively. In Juventino Rosas the fluorine content is causing dental 
fluorosis. In Irapuato there are a few cases of keratosis, one of the first health affectations related to arsenic ingestion. 
Water treatment could be one of the solutions. Only one small community in Irapuato has a treatment plant. 
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1. Introduction 
Groundwater is the main water supply in the Mexican Highlands. The Lerma River crosses El Bajio, 
but it receive urban wastewater and in some points also industrial wastewater. Wells with high 
temperature (30-50oC) are common in the whole area. The geological background originated faults and 
fractures that can act as preferential channels of recharge and also from deep groundwater.  
In the area there are mines of metallic and non metallic deposits. The valleys are filled of sediments 
coming from the surrounding ranges. The local and regional aquifers are overexploited due to the 
intensive use of water for agriculture and for urban supply. There are more than 20,000 drilled wells of 
which more than 3,000 are active. This intense abstraction regime is provoking subsidence in most of the 
urban areas, where wells with continuous extraction are located. Irapuato is the most affected area. In 
Salamanca the subsidence velocity is less than 4 cm/year. Precipitation is scarce (300-500 mm/year).  
Arsenic, As, fluorine, F and Radon, Rn concentrations over national standards for drinking water have 
been reported in some wells in El Bajio (Rodriguez and Morales, 2014; Armienta et al, 2010). There are 
not official actions related to the control and/or prevention of health affectations due to As, F and Rn 
exposure. Small communities consume this water. Most of the urban people used treated water for 
drinking and for meal preparation. There are very few affected people.  
1.1. The Study area 
El Bajio Guanajuatense is part of the Trans Mexican Volcanic Belt. The zone is located mainly in the 
Guanajuato State, Central Mexico (Fig 1). The regional basement is formed by Cretaceous 
metasedimentary and Cenozoic volcanic rocks, mainly Oligocene-Pliocene volcanic rocks. Sediments that 
filled the valleys formed the local and regional aquifers. The study was carried out in the Irapuato, 
Salamanca and Juventino Rosas, JR, cities in Guanajuato State.  
The regional economy is based on agriculture. Juventino Rosas is producer of goat cheese. Salamanca 
is an industrial area where a refinery, a thermoelectric plant and some chemical industries were 
established. The bigger population is located in Salamanca with more than 260,000 inhabitants; Irapuato 
has 529,000 and JR 79,200.  
 
1.2 Chemical characteristics of Arsenic,Fluorine and Radon 
 
Radon is a natural radioactive gas present all around the world. Its origin is the decay of uranium present 
in the rocks. 222Rn, with a half-life of 3.8 days, decays through alpha particles and generates daughter 
radioactive products capable to adhere to particles present in the surroundings. When 222Rn passes from 
the soil to the atmosphere a dilution of the gas occurs, diminishing its concentration value from 100% at 
70 cm depth to 1% 1 m from the soil (Segovia et al., 2005). In dwellings, when radon from soil and walls 
is trapped in indoor atmosphere, an internal exposure to the lungs can occur, and multiple studies indicate 
(WHO, 2011) a certain correlation with lung diseases’ such as cancer, depending on the exposure amount, 
but also on living habits such as smoking or exposure to atmospheric pollution. International agencies 
suggest a maximum limit for indoor radon of 148 Bq/m3. In the case of groundwater, its transport through 
pipes for human consumption, usually degases radon naturally from the water. A part of the degassed 
radon can be added to indoor radon. When used directly from the source, the maximum limit in water, 
suggested for human consumption by the International Agencies, is 11 Bq/L. 
Fluorine is associated to geothermal waters and to different types of mineral deposits, mainly of volcanic 
origin (Ruiz et al., 1985). The main origin of F in groundwater is the dissolution of igneous rocks 
containing silicates and in some cases dolomitic marbles (Levy et al., 1998; Ravishankar, 1987), though 
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its concentration is regularly low. The main health adverse effects by prolonged exposure to high F 
concentrations in water are: F accumulation in calcified tissues and ligaments, bone deformation, dental 
and skeletal fluorosis, renal disorders. Fluorine has been linked with low intellectual coefficient (EPA, 
2011; McDonagh et al. 2000). The Mexican standard for drinking water is 1.5 mg/L 
 
 
 
Fig. 1. Study area location inside the Trans Mexican Volcanic Belt, TMVB 
 
Arsenic, As, is one of the most known groundwater contaminants. Arsenic can be found in rocks, soils, 
water and air. Its availability depends on different geological and anthropogenic processes (Smedley and 
Kinninbuerg, 2002). The metal sulfides are the most important minerals that increase arsenic content in 
groundwater flows (Peters and Blum, 2003). Its toxicity depends on the oxidation state, the chemical 
structure and the solubility. The main health affectations due to water ingestion during long periods of 
time are: Keratosis, hyperkeratosis, cancer risk increases, blood circulation disorders, neurosis, 
respiratory system disorders among other diseases (Tapio and Grosche, 2006). The standard for drinking 
water was 0.05 mg/L and it was lowered to 0.025 mg/L, although the intention is to reduced it to 0.01 
mg/L. 
2. Methodology  
Groundwater monitorings were carried out since 2011 until 2014. Temperature, T, pH, and electrical 
conductivity were measured in site. Radon was also determinate in field using an Alphaguard equipment. 
The sensor was placed over the wells in the hole used for sampling. Analytical determinations were done 
at the Analytical Chemistry Lab of the Geophysics Institute of the National University of Mexico, 
UNAM. A rock sampling was carried out in representative outcrops. Monitoring and chemical analyzes 
were done following APHA-AWWA (2005) international standards. All wells and outcrops were 
geopositioned. 
Data were statistically analyzed using correlation and linear regression analyses. Data were placed on a 
Geographical Information System. 
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3. Results and discussion 
The hottest wells have a good correlation with the greater radon levels and also with the higher 
concentrations of As and F (table 1). The higher temperature is 50oC in the well Pozos. In July 2013, the 
higher arsenic concentration was 0.046 mg/L whereas for fluorine was 3.03 mg/L. The radon counts reach 
48,900 Bq/3m (Fig 2). In the 2014 monitoring the Rn count varied in most of the wells. The variation 
could be associated to the extraction regimen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Radon isolines, temperature values and wells with the maxima values of arsenic and fluorine 
 
In the epidemiological survey realized in July 2013 in the rural population of JR (Rodriguez and 
Morales, op cit) dental and skeletal fluorosis cases were documented. Rodriguez and Coll. (2002) did not 
found health affectation related to As and F in Salamanca. In El Copal, a community located to the 
northeast of Irapuato, some cases of keratosis were found (Armienta et al, 2010). 
The reduced number of affected people is related with the perception that people have of urban water. 
People consider that supplied water has a bad quality and consequently they do not drink urban water. In 
urban areas the consumption of treated water (called purified water) is higher. More than the 90 % of 
population buy gallons of water for drinking and meal preparation (Rodriguez and Morales op cit; 
Rodriguez et al, 2002). In rural areas the consumption is much lower due to the cost of purified water. 
Mexico becomes in 2013 the first world country in bottled water consumption.  
Population is been exposed to arsenic and fluorine in water consumption and to radon. Radon is 
dissipated very quickly, but many houses are supplied directly from wells with high contents of Rn. There 
are inhabited zones almost over the faults or in the fault influence area. The people living in such areas is 
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been exposed to indoor and outdoor Rn. Health affectations due to the simultaneously exposure to As, F 
and Rn are unknown.  
 
Table 1. Linear regression between arsenic and fluorine, and arsenic and temperature 
 
Linear regression Jun 2013                As and F                                                                               As and T 
Multiple Correlation Coefficient 
 0.7872 
Multiple Correlation  Coefficient 
 0.6510 
R2 Coefficient 0.6197 R2 Coefficient 0.4238 
Adjusted R2  0.5986 Adjusted R2  0.3918 
Typical Error 0.0094 Typical Error 0.0115 
 
The regional geothermal system is a low enthalpy reservoir of hot water. If the classification of 
geothermal systems is applied (Saemundson, 2009), the area does not correspond to a geothermal system. 
The reservoir temperature obtained by the chalcedony geothermometer indicates temperatures less than 
100oC. There are not evidences of shallow magma chambers. The high Radon levels could suggest 
another heat source such as uranium minerals. This hypothesis is supported by the geological framework. 
The volcanic rocks can be formed by rhyolites that could contain important quantities of uranium 
minerals (Dahlkamp, 2010; Christiansen, 1986). The hottest wells are located very near of faults. The 
faults can facilitate the vertical groundwater flows interacting with deeper formations. 
The advantage of hot groundwater availability it is considered neither by the local authorities nor by 
the population. Alternative uses of geothermal energy as a function of reservoir temperature have been 
recognized since prehistorically times. The use of natural hot water coming from springs in volcanic 
regions has occurred in many civilizations. In the 20th century, Lindall (1973) already make a good 
description of the low temperature uses of geothermal energy, where low temperature is below 150ºC. 
The uses include, among others, fish farming (20ºC), soil warming (40ºC), animal husbandry and 
greenhouses (60ºC), space heating (80ºC),drying of organic materials (100ºC),fresh water by distillation 
(120ºC), canning of food (140ºC), drying of fish meal (160ºC), digestion paper pulp (180ºC). Rural 
applications have been widely used. 
The groundwater is used for: urban supply, agriculture and livestock. It is a regional practice to mix 
water from different wells to reduce concentrations over drinking standards. There is no other use for hot 
water. Winter is cold, reducing the local vegetable production. Hot water could be used to heated 
greenhouses. There are many isolate communities that could be used the hot water in small solar energy 
producers. 
Any alternative use will produce wastewater containing As and F. If the wastewater is not treated will 
be conducted as now to streams where is took for irrigation. A percentage of this water can recharge 
shallow aquifers. The As and F content of this re-circulated water is higher than the original groundwater 
because the surface flow are subject of evaporation.  
 
4. Conclusions 
The area could be considered a geothermal system of low temperature. The groundwater temperature 
can be produced by other source different to a heat source as a magma chamber. The high Radon levels 
suggest that geological formations containing uranium minerals could be the hot source. The geological 
framework and the good correlations between As, F, Rn and temperature, allows proposing that the origin 
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of As, F and Uranium is the same geological unit, rhyolites. Faults allow vertical flows from deep 
formations. Some alternative uses for hot water are proposed, the most adequate can be greenhouses. Any 
alternative use of hot water with As and F, will produce wastewater with high contents of these elements. 
Wastewater treatments must be analyzed.  
Although severe health affectations were not detected in the exposed population, the risk exists. An 
epidemiological evaluation is necessary for not clinical symptoms. The health affectations due to the 
simultaneous exposure to As, F and Rn are unknown. A more detailed epidemiological survey can 
identified some symptomatologies. The most at risk population groups are rural communities where 
dental fluorosis was detected. It is necessary an assessment of the exposure level of groups living in the 
fault neighborhoods  
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